Low and High AFC Groups, and each AFC Group contained follicles from 3 to 5 cows. 2
Each follicle was washed with 75% ethanol for 3-5 seconds and placed into serum-free 3 MEM-α culture media. The dissected follicles were punctured with a needle to drain 4 follicular fluid and split with scissors. Granulosa cells were then removed from each 5 follicle piece with a spatula and pooled into the Low or High AFC Group separately in a 6 15-ml centrifuge tube containing MEM-α culture media supplemented with sodium 7 bicarbonate (10 mM), HEPES (20 mM), antibiotics (100 IU/ml penicillin and 0.1 mg/ml 8 streptomycin), Fungizone-amphotericin B (0.625 µl/ml), nonessential amino acids (1.1 9 mM), bovine insulin (1 ng/ml), long R3-IGF-I (2 ng/ml), sodium selenite (4 ng/ml), apo-10 transferrin (5 µg/ml), and androstenedione (10 -6 M). Each pool of granulosa cells from 11 the Low or High AFC Group was washed with culture media three times and resuspended 12 in 2 ml media. Cell number was estimated by a Coulter Counter Particle Z1 (Beckman 13
Coulter, Inc., Fullerton, CA) while cell viability was estimated using Trypan Blue dye 14 exclusion dye (Invitrogen; (Jimenez-Krassel et al. 2002) ). Cells (50,000 live cells per 15 well) from each pool were plated in 96-well Falcon Primaria plates and cultured at 37ºC 16 in a humidified atmosphere (5% CO 2 and 95% air). During serum-free culture, 75% of 17 media was removed and replaced with fresh media on days 2 and 4 of culture, and 18 cultures were terminated after 6 days of culture. All hormone, growth factor and mRNA 19 measurements were made on Day 6 of culture. Each experiment used a single pool of 20 granulosa cells from 8 to 10, 3 to 5 mm follicles per pair of ovaries obtained from a total 21 of 3 to 5 cows (or 3 to 5 pairs of ovaries) in the Low or High AFC Group. During each 22 experiment, 6 culture wells were utilized for each treatment in the High and Low AFC 23
Group. Prior to hormone analyses, media samples from 2 culture wells were combined 1 within each treatment and each combined sample measured in duplicate. Prior to mRNA 2 analyses, granulosa cells from all 6 wells per treatment were combined and the combined 3 sample measured in duplicate. Each experiment was repeated 3 times on 3 different 4 days. 
Study 1: Effect of FSH on Estradiol and AMH Production and Abundance of mRNAs for 10

CYP19A1, FSHR and AMH in Granulosa Cells in Individuals with Low Versus a High 11
AFC 12
After 6 days of culture, the basal capacity of untreated granulosa cells (0 FSH 13 dose) to produce estradiol was 53% greater and the average capacity of granulosa cells 14 for all FSH doses combined (0 to 25 ng/ml) to produce estradiol and express CYP19A1 15 mRNA was 4.3-and 7.8-fold greater, respectively, in the High versus the Low AFC 16 Group ( Fig. 1 ). In the High AFC Group, peak estradiol production and expression of 17 CYP19A1 mRNA in granulosa cells occurred in response to the 0.5 ng/ml dose of FSH, 18 and doses of FSH from 0 to 0.5 ng/ml increased whereas FSH doses > 0.5 ng/ml 19 decreased estradiol production and expression of CYP19A1 mRNA in a linear dose 20 response fashion (Fig. 1) . In contrast, in the Low AFC Group, peak estradiol production 21 and expression of CYP19A1 mRNA occurred at the 0.1 ng/ml FSH dose, and doses of 22 FSH from 0 to 0.1 ng/ml increased whereas FSH doses > 0.1 ng/ml decreased estradiol 1 production and expression of CYP19A1 mRNA in a linear fashion (Fig. 1) . 2
The basal expression of FSHR mRNA in untreated granulosa cells was ~3-fold 3 greater and the average expression of FSHR mRNA for all FSH doses combined was 3.6-4 fold greater in the High versus the Low AFC Group (Fig. 2) . The peak expression of 5 FSHR mRNA in granulosa cells occurred in response to the 0.1 ng/ml dose of FSH for 6 both AFC Groups (Fig. 2) . Although doses of FSH from 0 to 0.1 ng/ml did not alter (P > 7 0.16) expression of FSHR mRNA in either AFC Group, FSH doses > 0.1 ng/ml 8 decreased (P ≤ 0.05) expression of FSHR mRNAs in a linear fashion in both AFC Groups 9 (Fig. 2) . 10
The basal capacity of untreated granulosa cells to produce AMH was ~2-fold 11 greater and the average concentration of AMH and expression of AMH mRNA for all 12 FSH doses combined were 3-and ~4-fold greater, respectively, in the High versus the 13 Low AFC Group (Fig. 3) . In both AFC Groups, peak AMH production by granulosa 14 cells occurred in response to the 0.1 ng/ml dose of FSH, and FSH doses from 0 to 0.1 15 ng/ml increased whereas FSH doses > 0.1 ng/ml decreased AMH production in a linear 16 fashion (Fig. 3) . For the High AFC Group, the peak expression of AMH mRNA in 17 granulosa cells occurred in response to the 0.5 ng/ml dose of FSH, and FSH doses from 0 18 to 0.5 ng/ml increased whereas FSH doses > 0.5 ng/ml decreased expression of AMH 19 mRNA in a linear fashion (Fig 3, lower panel) . In contrast, for the Low AFC Group, the 20 peak expression of AMH mRNA was at the 0.05 ng/ml dose of FSH; and, although FSH 21 doses from 0 to 0.05 ng/ml did not alter AMH mRNA expression, FSH doses > 0.05 22 ng/ml decreased expression of AMH mRNA in a linear fashion (Fig. 3, lower panel) . 23 1
Study 2: Effect of FSH on Progesterone Production and Abundance of OXT mRNA in 2
Individuals with Low Versus a High AFC 3
In contrast to estradiol production, which was much greater for granulosa cells in 4 the High versus the Low AFC Group, basal capacity of untreated granulosa cells to 5 produce progesterone was ~2-fold greater and the average progesterone production by 6 granulosa cells for all FSH doses combined was 45% greater in the Low versus the High 7 AFC Group (Fig. 4) . Although FSH doses from 0 to 0.1 ng/ml increased estradiol and 8 AMH production (Figs. 1, 2), they had no effect on progesterone production (Fig. 4) . 9
However, FSH doses from 0.5 to 25 ng/ml increased progesterone production in a linear 10 fashion in both AFC Groups (Fig. 4) while simultaneously decreasing estradiol and AMH 11 production and expression of CYP19A1, FSHR and AMH mRNAs (Figs. 1-3) . 12
The average expression of OXT mRNA for all FSH doses combined was 24% 13 greater in Low versus the High AFC Group (Fig. 4, lower panel) . Similar to 14 progesterone production, expression of OXT mRNA was unaltered in response to FSH 15 doses from 0 to 0.1 ng/ml in both AFC Groups. Although alterations in OXT mRNA 16 expression were highly variable in response to FSH doses from 0.5 to 25 ng/ml, the 17 average for OXT mRNA expression in granulosa cells treated with doses of FSH from 18 0.5 to 25 ng/ml combined was greater than the average for OXT mRNA expression for 19 FSH doses from 0 to 0.1 ng/ml combined (Fig. 4, lower panel) . Determination of the precise mechanisms that cause granulosa cells in cattle with 10 a low AFC to become refractory to FSH stimulation was beyond the scope of this study. for all FSH doses (0 to 25 ng/ml) combined were higher (P < 0.001) for the High versus the Low 20 AFC Group. In the top panel, the A above bars at the 0 FSH dose indicates a significant (P<0.01) 21 difference between means. In addition, the asterisk above bars indicates that AMH production 22 increased (P < 0.001) linearly in response to FSH doses from 0 to 0.1 ng/ml. The plus symbol 23 indicates that AMH production decreased (P<0.05) linearly in response to doses of FSH > 0.1 1 ng/ml. In the bottom panel, the asterisk above bars in the High AFC Group indicates that 2 abundance of AMH mRNA increased (P < 0.05) linearly in response to FSH doses from 0 to 0.5 3 ng/ml whereas the plus symbol above bar indicates that AMH mRNA abundance decreased (P < 4 0.05) linearly in response to FSH doses > 0.5 ng/ml. Also, in the Low AFC Group, the plus 5 symbol indicated that AMH mRNA decreased (P < 0.05) linearly in response to FSH doses > 6 0.05 ng/ml. 7 Results of ANOVA indicated that overall concentration of progesterone and abundance of OXT 20 mRNA for all FSH doses (0 to 25 ng/ml) combined were higher (P < 0.001) for granulosa cells 21 from the Low versus the High AFC Group. In the top panel, the A above bars for the 0 FSH 22 dose indicates a significant (P<0.01) difference between means. In addition, the asterisk above 23 bar indicates that progesterone production increased (P<0.001) linearly in response to FSH doses 1 from 0.5 to 25 ng/ml in the High and Low AFC Groups. In the bottom panel, the average OXT 2 mRNA abundance at FSH doses from 0.5 to 25 ng/ml combined was greater (P<0.05) than the 3 average for OXT mRNA abundance at FSH doses 0 to 0.1 ng/ml combined. 
